Illness severity scores were described to estimate the mortality and morbidity risks based on data obtained shortly after admission to an intensive care unit. The aim of this study is to evaluate Scores for Neonatal Acute PhysiologyPerinatal Extension-II (SNAPPE-II) as a predictors of neonatal morbidities such as bronchopulmonary dysplasia (BPD) and retinopathy of prematurity (ROP). A retrospective cohort study was conducted between October 2011-2012. A total of 278 preterm infants born with gestational age (GA) < 32 weeks and birthweight (BW) <1,500 g were given SNAPPE-II scores based on data collected within the first 12 h of admission to ICU. The main outcomes were the development of BPD and ROP. The main variable was the SNAPPE-II obtained at admission. Logistic regression and receiver-operating characteristics (ROC) curve were calculated for SNAPPE-II. The mean GA and mean BW of the whole cohort were 29.2 weeks (± 2.15) and 1,323 g (±331,4), respectively. The median SNAPPE-II value was significantly higher among patients with BPD and ROP. After logistic regression the SNAPPE-II was independent risk factor for BPD and ROP. The best discriminative cutoff value for BPD was 14.5 (sensitivity 92%) and for ROP was 23.5 (sensitivity 80%). The present study reviewed an association between SNAPPE-II and neonatal morbidities including ROP and BPD.
The increased survival of very low birth weight (VLBW) infants due to recent advances in neonatal care has produced a new population of infants at very high risk of developing neonatal morbidities. The severity of the disease at hospitalization contributes significantly to the outcome of the patients. Illness severity scores are designed to estimate the clinical status of the patients 1, 2 . Moreover, measurement of illness severity is central to make fair comparisons of outcomes of different neonatal intensive care units (NICUs)³. The Score for Neonatal Acute Physiology-Perinatal Extension-II (SNAPPE-II) is a scoring system developed and validated by Richardson et al 4 . in 2001 for illness severity and mortality risk scores for NICU. SNAPPE-II is intended for use at all gestational ages 5 . Severity of illness among very preterm newborns is not only associated with mortality, but also with neonatal morbidities, such as intraventricular hemorrhage, chronic lung disease and retinopathy of prematurity. This should not come as a surprise since some early neonatal characteristics of scores such as SNAPPE-II overlap with characteristics/ correlates of neonatal morbidity. The risk prediction at admission is also important while informing the parents about future outcomes. Studies were designed to assess the contribution of the SNAPPE-II as predictor of mortality and morbidity in newborns 6, 7 .
The SNAPPE -II has been adopted as standard score in our NICU since September 2011. We have conducted a retrospective study to determine whether the SNAPPE-II parameters during the first 12 hours of life can predict neonatal morbidities such as bronchopulmonary displasia (BPD) and retinopathy of prematurity (ROP).
Material and Methods

Study design and patients
A retrospective cohort study was conducted in Etlik Zubeyde Hanim Women's Health Training and Research Hospital, Ankara, Turkey between October 2011 and October 2012. A total of 278 preterm infants born with gestational age (GA) < 32 weeks and birthweight (BW) <1,500 g were enrolled. The patients with major congenital anomalies and neonates of GA < 24 weeks or BW < 400 g were not included in the study. SNAPPE-II were calculated based on data collected within the first 12 h of admission to NICU. We excluded 32 infants who died before the time to diagnose ROP and BPD. Complete clinical and eye examination data were available for 246 patients.
The main outcomes were the development of severe ROP and BPD. The main variable was the SNAPPE-II obtained at admission. SNAPPE-II were calculated using 9 physiological and laboratory parameters (Table I) . Clinical characteristics of the study population such as BW, GA, gender, mode of delivery, maternal chorioamnionitis, antenatal steroid, respiratory support (duration of mechanical ventilation, nasal continuous positive airway pressure and supplemental oxygen), respiratory distress syndrome (RDS), intraventricular hemorrhage (grade >3), sepsis, hemodynamically significant patent ductus arteriosus (PDA), BPD and severe ROP were recorded.
Gestational age was determined with prenatal ultrasound examination, or date of last menstrual period or The New Ballard. Small 8 . Chorioamnionitis was diagnosed by the presence of a fever of 38.3℃ or higher, and the presence of at least two of the following: leukocytosis (>18,000/mm 3 ), vaginal discharge with foul odor, uterine sensitivity, and tachycardia (maternal >100/ min, fetal >180/min) 9 . Sepsis was defined as proven when a blood culture or bacterial culture from a normally sterile site was positive for a likely pathogen and if bacterial cultures were negative, as highly probable in the presence of a clinical and biological systemic inflammatory response syndrome associated with infection. Hemodynamically significant PDA was defined according to echocardiography parameters. Left atrium-to-aortic root diameter ratio of ≥1.4 in the parasternal long-axis view, ductal diameter of ≥1.4 mm/kg body weight, left ventricular enlargement, and reversed diastolic flow in the descending aorta indicated a significant ductal shunt 10 . Antenatal steroid was considered to have been administered if betamethasone therapy was completed 24 hours before delivery.
The first eye examination was performed at 4 weeks of chronologic age for infants born at *: data is presented as mean ± standard deviation). BPD: bronchopulmonary dysplasia; C/S: Caesarean section; IVH: intraventricular hemorrhage (grade>3), PDA: patent ductus arteriosus; RDS: respiratory distress syndrome; VD: vaginal delivery.
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Diagonal segments are pdoduced by ties. 
Statistical analysis
Statistical analysis was conducted using the SPSS version 17.0 (SPSS Inc., Chicago, IL).
The results are presented as numbers (n), frequencies (%), means with respective standard deviation (SD) and medians. Non parametric tests were used to analysis continuous variables. Chi-square test was used to compare categorical variables. Logistic regression analysis was done to determine independent risk factors for BPD and ROP. Statistical significance was accepted p<0.05.
The study was approved by Institutional
Ethics Committee (Report number:13/2014) and informed consent was obtained from the parents of the infants.
Results
There were 246 patients in this study. The mean GA and mean BW of the whole cohort were 29.2 weeks (± 2.15) and 1,323 g (± 331,4), respectively. positive airway pressure and supplemental oxygen) and higher SNAPPE-II (Table III) . There was no significant difference observed in the antenatal steroid between the two groups (Table III) . The variables with significance in our study were: BPD, and SNAPPE-II, after the logistic regression (Table IV) . Duration of assisted ventilation and supplemental oxygen requirement were not independent risk factors for development of ROP.
Univariate analysis included 14 variables clinically involved in the development of BPD. The BPD group and non BPD group differed with respect to birth weight, gestational age, RDS, duration of supplemental oxygen requirement, sepsis, PDA and SNAPPE-II (Table  V) . After logistic regression, the SNAPPE-II, GA and PDA were independent risk factors of BPD (Table VI) . Duration of assisted ventilation and supplemental oxygen requirement were not independent risk factors for BPD.
The median SNAPPE-II value was significantly higher among patients with BPD, and with ROP; p <0.001, p<0.001, respectively. After logistic regression, the SNAPPE-II was an independent risk factor for BPD and ROP.
On the ROC curve analysis of gestational age < 32 weeks, the best discriminative cut-off value of SNAPPE-II was 14.5 for BPD (sensitivity 92%, specificity 68.3%), and 23.5 for ROP (sensitivity 80%, specificity 79%; Fig. 1 ).
Discussion
Illness severity scores are important predictors of neonatal mortality and clinical outcomes.
In most of the studies, various neonatal illness severity scores are compared with relationship to mortality among preterm babies. The increased survival of very low birth weight (VLBW) infants due to recent advances in neonatal care has produced a new population of infants at very high risk of developing comorbidity 4 . Previous articles have evaluated the usefulness of the neonatal illness severity scores like CRIB, SNAP, SNAPPE and cumulative SNAP, to predict mortality and morbidities including ROP and BPD 15, 16 . In our study, high SNAPPE-II values showed better discrimination as predictors of neonatal morbidities and as a common independent risk factor for ROP and BPD.
Retinopathy of prematurity is frequently related to lower gestational age and birth weight, and the oxygen therapy. A previous study reported that none of the 4 tested systems (Neonatal Therapeutic Intervention System, CRIB, SNAP and SNAPPE) showed sufficient power to predict long-term outcomes, including visual impairment among ROP patients 17 . Fortes Filho et al. 7 showed an association between higher SNAPPE-II values at admission and development of ROP among VLBW preterm babies by univariate analysis, but after adjusted logistic regression, as well as after the ROC curve results, the SNAPPE-II at admission did not enhance the assessment of risk for ROP. In another study, cumulative neonatal illness severity was shown as an independent risk factor for progression from moderate to severe ROP, but after adjustment for different risk factors, the cumulative SNAP system values did not enhance the assessment of risk for ROP 18 .
Our results suggested an association between higher SNAPPE-II values at admission and the development of severe ROP after univariate analysis and logistic regression.
The study by Asker et al. 19 which was conducted in 5 different centers in Turkey, has showed that the usage of antenatal steroid increases the predictive value of the SNAPPE-II score. However, we did not find any correlation in our study. Bronchopulmonary dysplasia is the most common serious pulmonary morbidity in premature infants. The increasing rates of survival among the smallest of premature infants due to changes in antenatal and postnatal respiratory management, such as antenatal steroids and surfactant replacement, contribute to an overall increase in the incidence of BPD despite advances in the care of premature infants that reduce the risk or severity of BPD. Yanhong et al. 20 has investigated the association between SNAP and the development of BPD. In that study, high SNAP scores were significantly associated with increased risk for BPD or death in critically ill preterm infants with less than 33 gestational weeks. SNAP was predictive of BPD or death, with additional prognostic value when used in conjunction with other perinatal risk factors.
Another study evaluated the usefulness of SNAP version II (SNAP-II) to predict BPD, suggesting SNAP-II predicts chronic lung disease in the NICU. They have suggested that SNAP-II should be used in combination with other risk variables for quantifying risk in outcome comparison 21 . To the best of our knowledge, the present study is first report for the relationship between SNAPPE-II and risk of BPD. The predictive value of SNAPPE-II in critically ill preterm infants in relationship to BPD is currently unknown. In our study, the SNAPPE-II was an independent risk factor for BPD and every one point each increase in the SNAPPE-II value increased to risk of BPD 1.04 times (sensitivity 92%, specificity 68.3%).
The present study had several limitations. The results might be biased due to the small sample size and should be confirmed in a multicenter study. Also, SNAPPE-II may measure not only admission illness severity but also interventions during the first 12 hours of NICU admission. The time interval for data collection may influence the prediction of scores. This limitation is intrinsic to all physiologic scores such as SNAP and CRIB. Neonatal severity of illness scores should be further evaluated in cohorts of preterm infants and larger studies are needed to further explore the role of these scores for prediction of morbidities in preterm infants.
